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(57) On a sapphire base (701), a GaN layer (702) 
and a substrate separating layer (703) are sequentially 
deposited, and the GaN layer (702) and the substrate 
separating layer (703) are processed to have a plurality 
of ridge stripes (702a) and recess portions (702b). Sub- 
sequently, a GaN based semiconductor layer (706) is 
grown on a C surface (703c) of the substrate separating 
layer (703) exposed on top of ridge stripes (702a) as 
seed crystal. The C surface (703c) of the substrate sep- 
arating layer (703) is irradiated with a laser beam (802) 
to remove the substrate separating layer (703), thereby 
separating the GaN based semiconductor layer (706) 
from the sapphire base (701). 
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Description 

[TECHNICAL FIELD] 

[0001] The present invention relates to a method of 
fabricating a nitride based semiconductor substrate for 
use in a nitride based semiconductor laser or the like 
which is expected to be applied to fields such as optical 
information processing and radio communication, and a 
method of fabricating a nitride based semiconductor de- 
vice. 

[BACKGROUND ART] 

[0002] A nitride based semiconductor having nitride 
(N) as V-group element is considered to be promising 
as a material of a short wavelength light-emitting ele- 
ment and a high power semiconductor circuit because 
of its large bandgap. In particular, a gallium nitride based 
compound semiconductor (GaN based semiconductor: 
A1xGaylnzN(0^x,y,z^1 , x + y 4- z=1))has been inten- 
sively studied, and a blue light-emitting diode (LED) and 
a green LED have been put into practical use. Mean- 
while, for achieving a large-capacity optical disc system, 
a semiconductor laser having an oscillation wavelength 
in 400nm band has come to draw attention. At present, 
the semiconductor laser is practically used. 
[0003] Fig. 1 is a cross-sectional view schematically 
showing a structure of the conventional GaN based 
semiconductor laser. As shown in Fig. 1 , on a sapphire 
base 1701, a GaN buffer layer 1702, a n-GaN layer 
1703, a n-AIGaN cladding layer 1704, a n-GaN light 
guiding layer 1705, a multiple quantum well (MOW) ac- 
tive layer 1706 comprised of Ga^ln^ / Ga.|. y ln y N 
(0<y<x<1 ), a p-GaN light guiding layer 1 707, a p-AIGaN 
cladding layer 1 708, a p-GaN contact layer 1 709 are de- 
posited as crystals grown by a metalorganic Vapor 
Phase Epitaxy (MOVPE) process. On the p-GaN con- 
tact layer 1709, a ridge strip having a width of approxi- 
mately 3u.m is provided, and both sides thereof are cov- 
ered by the insulating film such as Si0 2 1711. On the 
ridge strip and the Si0 2 1 71 1 , a p electrode 1 71 0 com- 
prised of, for example, Ni/Au, is provided, and a n elec- 
trode 1712 comprised of, for example, Ti/AI is provided 
on a surface of part of the n-Ga N layer 1703 exposed 
by etching. 

[0004] In the semiconductor laser so structured, upon 
the n electrode 1 71 2 being grounded and a forward volt- 
age being applied to the p electrode 1710, positive holes 
migrate from the p electrode 1 71 0 side toward the MQW 
active layer 1706 and electrons migrate from the n elec- 
trode 1 71 2 side toward the MQW active layer 1 706. This 
results in optical gain inside the MQW active layer 1 706 
and laser oscillation having an oscillation wavelength of 
400nm band. The oscillation wavelength varies depend- 
ing on a composition and thickness of Ga1-xlnxN/ 
Ga1 -ylnyN thin film as a material of the MQW active lay- 
er 1706. At present, continuous oscillation at tempera- 



tures higher than a room temperature, is implemented. 
A high-power semiconductor circuit using these tech- 
niques is studied and is expected to be achieved in fields 
such as semiconductor devices for radio communica- 
5 tions. 

[0005] As a substrate on which GaN based crystal is 
grown, a sapphire base, aSiC (silicon carbide) sub- 
strate, oraSi (silicon) substrate is used. But, these sub- 
strates lattice-mismatch to GaN, and therefore crystal 

10 growth becomes difficult. This results in a number of dis- 
locations (blade-shaped dislocation, spiral dislocation, 
mixed dislocation). For example, when using the sap- 
phire base or the SiC substrate, dislocations of approx- 
imately 1 X10 9 cm -2 exist. As a result, a threshold cur- 

15 rent of a semiconductor laser is increased and reliability 
of the semiconductor laser is degraded. 
[0006] A first article as a known literature "Journal of 
Material Research, Vol. 14 (1 999) pp. 271 6 - 2731 " pro- 
poses an Epitaxial Lateral Over Growth (ELOG) as a 

20 method of reducing dislocation density. This method is 
effective in reducing through dislocations in a system 
having large lattice mismatching. 
[0007] Fig. 2 is a cross-sectional view schematically 
showing a structure of GaN crystal formed by ELOG. On 

25 a sapphire base 1801, GaN crystal 1802 is formed by 
the MOVPE process or the like. On the GaN crystal 
1802, Si0 2 1803 is formed by a CVD (Chemical Vapor 
Deposition) process or the like. The Si0 2 1803 is proc- 
essed in stripes by photolithography and etching. A GaN 

30 based semiconductor layer 1 804 is deposited by selec- 
tively growing an exposed portion of the GaN crystal 
1 802 as seed crystal. As a growing process, the MOVPE 
process or a hydride vapor phase epitaxy process 
(HVPE process) is used. Above the seed crystal, a re- 

35 gion 1806 having a number of dislocations of approxi- 
mately as high as 1 x 1 0 9 cm" 2 exists, but a region 1 805 
which is laterally grown has dislocation density as low 
as approximately 1x10 7 cnr 2 . An active region is pro- 
vided above the region 1805 with fewer dislocations, 

to thereby improving reliability. Since the other structure in 
Fig. 2 is identical to a structure of the conventional sem- 
iconductor laser in Fig. 1 , the same or corresponding 
parts are identified by the same reference numerals and 
will not be further described. 

45 [0008] In recent years, fabrication of a GaN substrate 
has been intensively studied. 

[0009] A second article as a known literature "Japa- 
nese Journal of Applied Physics, Vol. 37 (1998) pp. L 
309 - L312" illustrates a method in which a sapphire 

50 base is removed by polishing in a GaN based semicon- 
ductor layer grown on the sapphire base, thereby ob- 
taining a GaN substrate. A third article as a known liter- 
ature "Japanese Journal of Applied Physics, Vol. 38 
(1999) pp. L217 - L219" illustrates a method in which a 

55 GaN based semiconductor layer is separated (lifted off) 
from the vicinity of a sapphire base by irradiation of a 
laser beam using a third harmonic (wavelength of 
355nm) of Nd : YAG laser. It is considered that the GaN 
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based semiconductor layer is thus separated by irradi- 
ation of the laser beam due to the fact that the GaN 
based semiconductor layer in the vicinity of the sapphire 
base has low quality and high carrier concentration. 
[0010] Related Arts are disclosed in Japanese Laid- 
Open Patent Application Publication No. Hei. 11 - 
1 91 657 that discloses amethod of growing nitride sem- 
iconductor and Japanese Laid-Open Patent Application 
Publication No. 2001- 93837 that discloses a structure 
of a semiconductor thin film and a fabrication method 
thereof. 

[0011] However, in the methods illustrated in the sec- 
ond and third articles, due to difference in thermal ex- 
pansion coefficient between sapphire and GaN, a 
number of cracks occur in the GaN based semiconduc- 
tor layer when separating the GaN based semiconduc- 
tor layer from the sapphire base. For this reason, a GaN 
substrate having a large area equal to a two-inch wafer 
level is impossible to obtain. In addition, in these meth- 
ods, it is not easy to control separation between the sap- 
phire base and the GaN based semiconductor layer. 
[0012] In a semiconductor device with the GaN based 
semiconductor layer disposed on the sapphire base, the 
GaN based semiconductor layer is subjected to a stress 
due to large difference in lattice constant between the 
sapphire base and the GaN based semiconductor layer 
grown thereon. This reduces reliability of yield and pro- 
ductivity as well as an electric property. Therefore, it is 
necessary to separate the GaN based semiconductor 
layer from the sapphire base and form constituents on 
the GaN based semiconductor substrate. 
[0013] The present invention has been made under 
the circumstances, and an object of the present inven- 
tion is to provide a method of fabricating a nitride based 
semiconductor substrate with high controllability in sep- 
aration between the sapphire base and the GaN based 
semiconductor layer. 

[DISCLOSURE OF THE INVENTION] 

[0014] To achieve the above-described object, ac- 
cording to the present invention, there is provided a 
method of fabricating a nitride based semiconductor 
substrate, comprising the steps of depositing a first ni- 
tride based semiconductor layer on a base; processing 
the first nitride based semiconductor layer to have ridge 
portions and recess portions; coating side surfaces of 
the ridge portions and bottom surfaces of the recess por- 
tions with an amorphous insulating film; growing a sec- 
ond nitride based semiconductor layer on a region of the 
first nitride based semiconductor layer other than a re- 
gion thereof coated with the amorphous insulating film, 
the region of the first nitride based semiconductor layer 
serving as seed crystal; and separating the second ni- 
tride based semiconductor layerfrom the ridge portions 
by irradiating the region corresponding to the seed crys- 
tal with a laser beam. 

[001 5] It is preferable that the method of fabricating a 



nitride based semiconductor substrate, further compris- 
es the step of thermally annealing the base with the first 
and second nitride based semiconductor layers depos- 
ited thereon, before the separating step. 

s [001 6] it is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the laser beam 
has a wavelength of 190nm to 550nm. 
[001 7] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the ridge por- 

10 tions are ridge stripes and a direction of the stripes is a 
<1 - 100> direction of nitride, 

[0018] According to the present invention, there is 
provided a method of fabricating a nitride based semi- 
conductor device, comprising the steps of depositing a 

15 first nitride based semiconductor layer on a base; 
processing the first nitride based semiconductor layer 
to have ridge portions and recess portions; coating side 
surfaces of the ridge portions and bottom surfaces of 
the recess portions with an amorphous insulating film; 

20 growing a second nitride based semiconductor layer on 
a region of the first nitride based semiconductor layer 
other than a region thereof coated with the amorphous 
insulating film, the region of the first nitride based sem- 
iconductor layer serving as seed crystal; depositing a 

25 layer having an active layer structure with an active layer 
interposed between semiconductor layers of different 
conductivity types, on the second nitride based semi- 
conductor layer; and separating the second nitride 
based semiconductor layer from the ridge portions by 

30 irradiating the region corresponding to the seed crystal 
with a laser beam. 

[001 9] According to the present invention, there is fur- 
ther provided a method of fabricating a nitride based 
semiconductor substrate, comprising the steps of de- 

35 positing a first nitride based semiconductor layer on a 
base; depositing a second nitride based semiconductor 
layer on the first nitride based semiconductor layer; 
processing the first and second nitride based semicon- 
ductor layers to have ridge portions and recess portions; 

40 coating side surfaces of the ridge portions and bottom 
surfaces of the recess portions with an amorphous in- 
sulating film; growing a third nitride based semiconduc- 
tor layer on a region of the second nitride based semi- 
conductor layer other than a region thereof coated with 

45 the amorphous insulating film, the region of the second 
nitride based semiconductor layer serving as seed crys- 
tal; and separating the second nitride based semicon- 
ductor layer from the ridge portions by irradiating the re- 
gion corresponding to the seed crystal with a laser 

50 beam. 

[0020] It is preferable that the method of fabricating a 
nitride based semiconductor substrate, further compris- 
es the step of depositing a layer having an active layer 
structure with an active layer interposed between sem- 
55 iconductor layers of different conductivity types, on the 
third nitride based semiconductor layer, before the sep- 
arating step. 

[0021 ] It is preferable that the method of fabricating a 
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nitride based semiconductor substrate may further com- 
prise thermally annealing the base with the first, second, 
and third nitride based semiconductor layers deposited 
thereon. 

[0022] It is preferable that In the method of fabricating 5 
a nitride based semiconductor substrate, the ridge por- 
tions are ridge stripes and a direction of the stripes is a 
<1 - 100> direction of nitride. 

[0023] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the laser beam 10 
has a wavelength of 190nm to 550nm. 
[0024] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the second ni- 
tride based semiconductor layer is comprised of semi- 
conductorcompound containing three or more elements 15 
belonging to Ill-V groups. 

[0025] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the second ni- 
tride based semiconductor layer has bandgap smaller 
than bandgap of the third nitride based semiconductor 20 
layer. 

[0026] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the second ni- 
tride based semiconductor layer contains at least As. 
[0027] It is preferable that in the method of fabricating 25 
a nitride based semiconductor substrate, the second ni- 
tride based semiconductor layer contains at least In. 
[0028] It is preferable that in the method of fabricating 
a nitride based semiconductor substrate, the second ni- 
tride based semiconductor layer contains at least R 30 
[0029] According to the present invention, there is fur- 
ther provided a method of fabricating a nitride based 
semiconductor device, comprising the steps of deposit- 
ing a first nitride based semiconductor layer on a base; 
depositing a second nitride based semiconductor layer 35 
on the first nitride based semiconductor layer; process- 
ing the first and second nitride based semiconductor lay- 
ers to have ridge portions and recess portions; coating 
side surfaces of the ridge portions and bottom surfaces 
of the recess portions with an amorphous insulating film; 40 
growing a third nitride based semiconductor layer on a 
region of the second nitride based semiconductor layer 
other than a region thereof coated with the amorphous 
insulating film, the region of the second nitride based 
semiconductor layer serving as seed crystal; depositing 45 
a layer having an active layer structure with an active 
layer interposed between semiconductor layers of dif- 
ferent conductivity types, on the third nitride based sem- 
iconductor layer; and separating the second nitride 
based semiconductor layer from the ridge portions by so 
irradiating the region corresponding to the seed crystal 
with a laser beam. 

[0030] This object, as well as other objects, features 
and advantages of the invention will become more ap- 
parent to those skilled in the art from the following de- 55 
scription taken with reference to the accompanying 
drawings. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 
[0031] 

Fig. 1 is a cross-sectional view schematically show- 
ing a structure of the conventional GaN based sem- 
iconductor laser; 

Fig. 2 is a cross-sectional view schematically show- 
ing a structure of GaN crystal formed by ELOG; 
Fig. 3(a) is a cross-sectional view showing a struc- 
ture of a GaN based semiconductor substrate fab- 
ricated by a fabrication method according to a first 
embodiment of the present invention, and Fig. 3(b) 
is a cross-sectional view showing a structure of a 
substrate separated from the GaN based semicon- 
ductor substrate in a fabrication step thereof; 
Fig, 4(a) to Fig. 4(d) are cross-sectional views 
showing steps of the fabrication method according 
to the first embodiment of the present invention; 
Fig. 5(a) is a cross-sectional view showing a struc- 
ture of a semiconductor laser fabricated by a fabri- 
cation method according to a second embodiment 
of the present invention, and Fig. 5(b) is a cross- 
sectional view showing a structure of a substrate 
separated from a semiconductor laser in a fabrica- 
tion step thereof; 

Fig. 6(a) to Fig. 6(e) are cross-sectional views 
showing steps of the fabrication method according 
to the second embodiment of the present invention; 
Fig. 7(a) is a cross-sectional view showing a struc- 
ture of a semiconductor laser fabricated by a fabri- 
cation method according to a third embodiment of 
the present invention, and Fig. 7(b) is a cross-sec- 
tional view showing a structure of a substrate sep- 
arated from the semiconductor laser in a fabrication 
step thereof; 

Figs. 8(a) to Fig. 8(d) are cross-sectional views 
showing steps of the fabrication method according 
to the third embodiment of the present invention; 
Fig. 9(a) is a cross-sectional view showing a struc- 
ture of a semiconductor laser fabricated by a fabri- 
cation method according to a fourth embodiment of 
the present invention, and Fig. 9(b) is a cross-sec- 
tional view showing a structure of a substrate sep- 
arated from a semiconductor laser in a fabrication 
step thereof ; 

Fig. 10(a) to Fig. 10(e) are cross-sectional views 
showing steps of the fabrication method according 
to the fourth embodiment of the present invention; 
and 

Fig. 11 is a graph showing a relationship between 
an absorption end wavelength and a lattice con- 
stant in nitride crystal. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0032] Hereinafter, embodiments of the present in- 
vention will be described in detail with reference to draw- 
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ings. While a MOVPE process is illustrated as a method 
of growing a nitride based semiconductor layer, all proc- 
esses which have been proposed thus far to grow the 
nitride based semiconductor layer, may be used, includ- 
ing a HVPE process, a CVD process, etc. Also, some 
dimensions in the drawings are exaggerated, and there- 
fore, do not always coincide with actual sizes. 

[Embodiment 1] 

[0033] Fig. 3(a) is a cross-sectional view showing a 
structure of a GaN based semiconductor substrate fab- 
ricated by a fabrication method according to a first em- 
bodiment of the present invention, and Fig. 3(b) is a 
cross-sectional view showing a structure of a substrate 
separated from the GaN based semiconductor sub- 
strate in a fabrication step thereof. Fig. 4(a) to Fig. 4(d) 
are cross-sectional views showing steps of the fabrica- 
tion method according to this embodiment. 
[0034] In Fig. 3(a), reference numeral 305 denotes a 
GaN based semiconductor substrate. In Fig. 3(b), refer- 
ence numeral 301 denotes a sapphire base, and on the 
sapphire base 301, a GaN layer 302 is provided, The 
GaN layer 302 is processed to have a plurality of ridge 
stripes 302a and recess portions 302b. Over side sur- 
faces of the ridge stripes 302a and bottom surfaces of 
the recess portions 302b, a SiNx layer 303 comprised 
of an amorphous insulating film, is provided. As men- 
tioned later, the GaN based semiconductor substrate 
305 shown in Fig. 3(a) is fabricated by separating the 
same from the sapphire base 301 or the like shown in 
Fig. 3(b). 

[0035] Next, a detail of the fabrication method accord- 
ing to this embodiment will be described. 
[0036] First of all, a surface of the sapphire base 301 
is cleaned by an acid solution. Then, the cleaned sap- 
phire base 301 is held in a susceptor inside a reactor of 
a MOVPE unit and the reactor is evacuated. Following 
this, inside the reactor, a hydrogen atmosphere is set at 
a pressure of approximately 40kPa and the sapphire 
base 301 is heated at a temperature elevated up to 
about 1100°C to allow its surface to be thermally 
cleaned for about 10 minutes. 

[0037] Subsequently, inside the reactor, the tempera- 
ture is reduced to about 500°C. Thereafter, simultane- 
ously, trimethyl gallium (TMG) is fed at 25 mmol/min, an 
ammonia (NH3) gas is fed at 7.5L/min, and hydrogen 
as a carrier gas is fed, onto the sapphire base 301. 
Thereby, a low-temperature buffer layer comprised of 
GaN is grown to be 20nm thick. 
[0038] Thereafter, the temperature is increased up to 
1020°C, and TMG and NH 3 are fed, to deposit a GaN 
layer 302 (Fig. 4(a)). At this time, its surface is a C sur- 
face. 

[0039] Then, using a photolithography technique and 
a dry etching technique, the GaN layer 302 is formed to 
have recesses (concave portions), thereby forming pe- 
riodic ridge stripes. Then, using a technique for depos- 



iting an insulating film such as ECR sputtering, the SiNx 
layer 303 (1 Onm thick) as the amorphous insulating film 
is deposited over the side surfaces of the ridge stripes 
302a and the bottom surfaces of the recess portions 

5 302b (Fig. 4(b)). 

[0040] The ridge stripes 302a formed in the GaN layer 
302 have a period F of 1 6u,m and a width T of 4um While 
the period F of the ridge stripes 302a is 16p.m and the 
width T thereof is 4\x m, they are only illustrative. It 

10 should be noted that air gaps with a good shape which 
is mentioned later are not obtained when the period F 
of the ridge stripes 302a is too large, and that disloca- 
tions are not reduced effectively when the period F is 
too small. The period F of the ridge stripes 302a is pref- 

15 erably approximately 5jim to 100[im, and more prefer- 
ably, approximately lO^m to 50u.m. In addition, the dis- 
locations are not effectively reduced when the width T 
of the ridge stripes 302a is too large, and crystallinity of 
the GaN based semiconductor layer is reduced because 

20 a region corresponding to seed crystal mentioned later 
is small when the width T is too small. Accordingly, the 
width T of the ridge stripes 302a is preferably approxi- 
mately 1 u,m to 1 O^im, and more preferably 2u.m to 8\im. 
[0041] A direction of the stripes of the ridge stripes 

25 302a formed in the GaN layer 302 is <1 - 1 00> direction 
of GaN. This is because, when the GaN based semicon- 
ductor substrate obtained as mentioned layer is used in 
the semiconductor laser, the longitudinal direction of 
aresonator preferably coincides with the direction of the 

30 stripes. As used herein, the <1 - 100> direction is 
<1100> direction. These directions mean the same in 
Specification and Claims. 

[0042] On a C surface of the GaN layer 302 exposed 
on top of the ridge stripes 302a(regions represented by 

35 302c in an enlarged portion in Fig. 4 (b)), as the seed 
crystal, a GaN based semiconductor layer 305 is se- 
quentially deposited by crystal growth (Fig. 4(c)). As a 
result, between the SiNx layer 303 and the GaN based 
semiconductor layer 305, air gaps 304 are created. 

40 Thus, in this embodiment, crystal is grown only on the 
regions 302C and is not grown on the other regions, for 
example, the ridge stripes 302a or the recess portions 
302b. Parts of the GaN based semiconductor layer 305 
are joined in the vicinity of the center of each of the air 

45 gaps 304 to form a joint portion 401. 

[0043] Thereafter, the entire or part of the regions 
302C in the GaN layer 302 as the seed crystal of the 
GaN based semiconductor laser 305 is irradiated with 
a ultraviolet laser beam 402 (Nd: a third harmonic of 

50 YAG laser (wavelength of 355nm)), from the direction of 
a rear surface of the sapphire base 301 . Thereby, the 
regions 302c are photochemically degraded. As a re- 
sult, the GaN based semiconductor layer 305 is sepa- 
rated from the sapphire base 301 . 

55 [0044] Thus, the GaN based semiconductor layer 305 
shown in Fig. 1(a), i.e., the GaN based semiconductor 
substrate 305 is fabricated. 

[0045] As mentioned previously, as a previous step of 
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the step of separating the GaN based semiconductor 
layer 305 from the sapphire base 301 using the laser, 
the substrate after crystal growth is carried into an open 
quarts pipe, where the substrate is thermally annealed 
at about 1000°C in nitrogen atmosphere for about 6 
hours. This facilitates the separating step. In view of 
damages such as release of nitrogen atoms from the 
GaN layer 302, the annealing temperature is desirably 
set to 1200°C or lower. 

[0046] In the step of separating the GaN based sem- 
iconductor layer 305 from the sapphire base 301 using 
the laser, the wavelength of the laser beam is preferably 
set between 150nm and 400nm. Preferably, the laser 
beam is focused in such a manner that a beam waist is 
applied to the regions of the GaN layer 1 02 in the vicinity 
of seed crystal of the GaN based semiconductor layer 
305 to allow an energy density of the laser beam to be 
greatly increased in these region. 
[0047] Three possible methods of scanning the laser 
beam are (1 ) combination of a galvanometer mirror and 
f - 0 lens, (2) combination of a polygon mirror and f - 6 
lens, and (3) movement of x - y stage. In order to keep 
the focused laser beam at a proper position, it is desir- 
able to perform scanning by the method of moving the 
x - y stage (3). Here, preferably, the scan direction cor- 
responds with the direction of the stripes, i.e., <1 - 100> 
direction of GaN. 

[0048] In this embodiment, in the step of separating 
the GaN based semiconductor layer 305 from the sap- 
phire base 301 , re-grown GaN based semiconductor 
layer hardly adheres to the substrate because of the 
presence of the air gaps defined by the side surfaces of 
the ridge stripes 302a and the bottom surfaces of the 
recess portions 302b which are formed in the GaN layer 
302, and the re-grown crystal. As a result, the GaN 
based semiconductor layer is separated from the sap- 
phire base more easily and quality of the separated GaN 
based semiconductor layer (i.e., GaN based semicon- 
ductor substrate) is higher than that in the prior art. 
[0049] The quality, i.e., crystallinity, will be described 
below. Crystal defects contained in the GaN layer 302 
are vertically grown when growing a new semiconductor 
layer on the GaN layer 302. For this reason, the regions 
of the GaN based semiconductor substrate 305 located 
directly above the ridge stripes 302a are high dislocation 
density regions having a dislocation density (frequency 
of crystal defects) of approximately 1 x1 0 9 cm* 2 . On the 
other hand, the regions of the GaN based semiconduc- 
tor substrate 305 located directly above the recess por- 
tions 302b are low dislocation density regions having a 
dislocation density of 1 x 10 7 crrr 2 . It is desired that an 
active layer have a low dislocation density. Therefore, 
when the semiconductor layer is grown on the GaN 
based semiconductor substrate 305 to obtain the sem- 
iconductor laser device, it is desirable that the active lay- 
er overlap with the low dislocation density regions, i.e., 
the active layer be located directly above the low dislo- 
cation density regions. The same applies to embodi- 



ments mentioned later. 

[0050] While the GaN layer 302 is provided with peri- 
odic ridge stripes in this embodiment, the same effects 
are obtained by providing periodic lattice ridges instead. 
5 [0051] As a matter of course, the invention is not in- 
tended to be limited to the above example, but various 
alternations may be made to the invention. 

(Second Embodiment) 

10 

[0052] In a second embodiment of the present inven- 
tion, there is illustrated a method of fabricating a semi- 
conductor laser provided with an active layer structure 
on a GaN based semiconductor layer. 

15 [0053] Fig. 5(a) is a cross-sectional view showing a 
structure of the semiconductor laser fabricated by the 
fabrication method according to this embodiment of the 
present invention, and Fig. 5(b) is a cross-sectional view 
showing a structure of a substrate separated from the 

20 semiconductor laser in a fabrication step thereof. Figs. 
6(a) to Fig. 6(e) are cross-sectional views showing steps 
of the fabrication method according to this embodiment. 
[0054] In Fig. 5(a), reference numeral 105 denotes a 
GaN based semiconductor substrate. On the GaN 

25 based semiconductor substrate 105, a n - Al 0 .iGa 0 9 N/ 
n-GaN super lattice contact layer 106, and an- Al 003 
(GaN 0 . 97 N cladding layer 107 are deposited. The n - 
AI 003 GaN 097 N cladding layer 107 is provided with pe- 
riodic ridge stripes 1 02a and recess portions 1 02b. Over 

30 side surfaces of part of the ridge stripe 1 02a and bottom 
surfaces of part of the recess portions 1 02b, a SiN x layer 
1 08 is provided. On the surface of the ridge stripe 1 02a 
as seed crystal, a n - GaN light guiding layer 1 1 0, a mul- 
tiple quantum well (MQW) active layer 111, a p - GaN 

35 light guiding layer 1 1 2, and a p - Al 0 07 Ga 0 93 N cladding 
layer 113 are grown and deposited. 
[0055] On the p - AI 007 Ga 093 N cladding layer 113, 
ridge-shaped p- GaN layer 114 and p electrode 115 are 
provided. Over a region of the p- Al 0 07 Ga 0 93 N cladding 

40 layer 113 other than the ridge-shaped p - GaN layer 114 
and p electrode 115, an insulating film 116 is provided. 
On the p electrode 115 and the insulating film 116, a 
wiring electrode 118 is provided. 
[0056] Over side surfaces of part of ridge stripes and 

45 bottom surfaces of part of the recess portions in the n - 
AI 0 03 Ga 0 97 N cladding layer 107, an insulating film 116 
is provided. On one of the ridge stripes, a n electrode 
1 1 7 is provided and on the n electrode 1 1 7 and the in- 
sulating film 116, a wiring electrode 119 is provided, 

50 [0057] In Fig. 5(b), reference numeral 101 denotes a 
sapphire base. Over the sapphire base 1 01, a GaN layer 
1 02 is provided. The GaN layer 1 02 is processed to have 
a plurality of ridge stripes 102a and recess portions 
1 02b. Over side surfaces of the ridge stripes 1 02a and 

55 bottom surfaces of the recess portions 1 02b, a SiN x lay- 
er 103 comprised of an amorphous insulating film, is 
provided. 

[0058] As mentioned later, a semiconductor laser 
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shown in Fig. 5(a) is fabricated by separating the same 
from the sapphire base 101 shown in Fig. 5(b). 
[0059] Next, a detail of the fabrication method accord- 
ing to this embodiment will be described. 
[0060] In the same manner described in the first em- 
bodiment, the surface of the sapphire base 1 01 is ther- 
mally cleaned, and then, inside the reactor of the 
MOVPE unit, temperature is reduced to about 500°C, 
followed by growing a low-temperature buffer layer com- 
prised of GaN to be 20nm thick on the sapphire base 
101. 

[0061] Thereafter, the temperature is increased up to 
1 020°C, and TMG and NH 3 are fed, to deposit the GaN 
layer 102 on the sapphire base 101 (Fig. 6(a)). At this 
time, its surface is a C surface. 

[0062] Then, using the photolithography technique 
and the dry etching technique, the GaN layer 102 is 
processed to have recesses (concave portions), there- 
by forming periodic ridge stripes 1 02a. Then, using the 
techniquefor depositing the insulating film, such as ECR 
sputtering, the SiNx layer 103 as the amorphous insu- 
lating film (10nm thick) is deposited over the side sur- 
faces of the ridge stripes 1 02a and the bottom surfaces 
of the recess portions 102b (Fig. 6(b)). 
[0063] The ridge stripes 102a have a period F of 16 
urn and a width T of 4um In this embodiment, as in the 
first embodiment, the period F of the ridge stripes 1 02a 
is preferably approximately 5ujti to 100u,m, and more 
preferably, approximately lO^im to 50 \irr\. Also, the 
width T of the ridge stripes is preferably approximately 
1 nm to 1 0 urn, and more preferably approximately 2 jxm 
to 8 ujti. 

[0064] A direction of the stripes of the ridge stripes 
1 02a of the GaN layer 1 02 is <1 - 1 00> direction of GaN. 
This is because, the longitudinal direction of a resonator 
preferably coincides with the direction of the stripes. 
[0065] On the C surface of the GaN layer 1 02 exposed 
on top of the ridge (region represented by 102c in an 
enlarged portion in Fig. 6(b)), as the seed crystal, a n - 
Al 0 03 Ga 0 97 N layer 105 (2u.m thick), an- Al 0 .|Ga 09 N / 
n - GaN super lattice contact layer 1 06 (2 ujti thick), and 
an- Al 0 03 Gao 97 N cladding layer 1 07 (0.5 u,m thick), are 
sequentially deposited by a pressure-reducing MOVPE 
process (Fig. 6(c)). As a result, between the SiNx layer 
103 and the n - AI 003 Ga 097 N layer 105, air gaps 104 
are created. Thus, in this embodiment, crystal is grown 
only on the regions 1 02C and is not grown on the other 
regions, for example, the ridge stripes 1 02a and the re- 
cess portions 1 02b. Parts of the n - Al 0 03 GaN 0 97 N!ayer 
1 05 are joined in the vicinity of the center of each of the 
air gaps 1 04 to form a joint portion 201 . 
[0066] Then, the n - AIGaN cladding layer 107 is 
formed to have recesses (concave portions), thereby 
forming periodic ridge stripes. At this time, the n - AIGaN 
cladding layer 1 07 may be etched to the n - Al 0 .-|Ga 0 9 N 
/ n - GaN super lattice contact layer 1 06. Over the side 
surfaces of the ridge stripes and the bottom surfaces of 
the recess portions, the SiNx layer 108 (10nm thick) is 



deposited (Fig. 6(d)). The period of the ridge stripes is 
16 ujti and the width thereof is approximately 3um. The 
ridge stripes having the width of approximately 3p,m are 
formed in regions with fewerthrough dislocations above 

5 the air gaps 104. 

[0067] On the C surface of the n - Al 0 07 Ga 0 93 N clad- 
ding layer 1 07 exposed on top of the ridge, as seed crys- 
tal, a n-GaN light guiding layer 1 1 0 (0.2 u,m thick), a mul- 
tiple quantum well (MQW) active layer 1 1 1 , a p-GaN light 

io guiding layer 1 1 2 (0.1 \im thick), a p - Al 0 07 Ga 0 g3 N clad- 
ding layer 113 (2u,m thick), and a p-GaN layer 114, are 
sequentially deposited by a pressure-reducing MOVPE 
method (Fig. 6(e)). As a result, between the SiNx layer 
108 and the p-GaN light guiding layer 112 and the p - 

15 AI 0 o 7 Ga 093 N cladding layer 113, air gaps 109 are cre- 
ated. Parts of the p - AI 0 07 Ga 0 93 N cladding layer 113 
are joined in the vicinity of the center of each of the air 
gaps 109. 

[0068] Although not shown in Fig. 6(e), as shown in 

20 Fig. 5(a), the p electrode 1 1 5 is deposited on the p - GaN 
layer 114, and the p electrode 115, the p - GaN layer 
1 1 4, and the p - AIGaN cladding layer 1 1 3 are formed to 
have ridges with a width of approximately 5um The ex- 
posed p - Al 0 07 Ga 0 93 N cladding layer 1 1 3 is coated with 

25 the insulating film 116 comprised of Si0 2 or the like, 
thereby forming a current narrowing structure. The in- 
sulating film 11 6 is formed by the ECR sputtering. On 
the p electrode 115 and the insulating film 116, a wiring 
electrode 1 1 8 comprised of Au is formed to be 5ujti thick. 

30 Likewise, as shown in Fig. 5(a), side surfaces of part of 
the ridge stripes and bottom surfaces of part of the re- 
cess portions in the n - Al 003 GaN 0 97 N cladding layer 
1 07 are coated with the insulating film 1 1 6. Then , on one 
of the ridges stripes, the n electrode 1 1 7 is formed, and 

35 on the n electrode 117 and the insulating film 116, the 
wiring electrode 119 is formed. 
[0069] Thereafter, as shown in Fig. 6(e), the entire or 
part of the regions 102C of the GaN layer 102 as the 
seed crystal of n - AI 003 Ga 097 N layer 105 is irradiated 

40 with a ultraviolet laser beam 202 (Nd: a third harmonic 
of YAG laser (wavelength of 355nm)), from the direction 
of a rear surface of the sapphire base 101. Thereby, the 
regions 102c are photochemically degraded. As a re- 
sult, the GaN based crystal is separated from the sap- 

45 phire base. 

[0070] Thus, semiconductor laser shown in Fig. 5(a) 
is fabricated. 

[0071 ] As a previous step of the step of separating the 
GaN based semiconductor layer 1 05 from the sapphire 

50 base 101 using the laser, thermal annealing is carried 
out using the method described in the first embodiment. 
This facilitates the separating step. Also as in the first 
embodiment, the method of moving the x - y stage is 
preferably used as the method of scanning the process 

55 laser beam. 

[0072] When the GaN based semiconductor layer 1 05 
is separated from the sapphire base 1 01 , re-grown GaN 
based semiconductor layer hardly adheres to the sub- 
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strate because of the presence of the air gaps surround- 
ed by the side surfaces of the ridge stripes 1 02a and the 
bottom surfaces of the recess portions 1 02b, and the re- 
grown crystal. As a result, the GaN based semiconduc- 
tor layer is separated from the sapphire base 1 01 more 
easily and quality of the separated GaN based semicon- 
ductor layer is higher than that in the prior art. 
[0073] While the GaN layer 102 is provided with peri- 
odic ridge stripes in this embodiment, the same effects 
are obtained by providing periodic lattice ridges instead. 
[0074] As a matter of course, the invention is not in- 
tended to be limited to the above example, but various 
alternations may be made to the invention. 

(Embodiment 3) 

[0075] In a third embodiment of the present invention, 
a method of fabricating a GaN based semiconductor 
substrate capable of being easily separated from a sub- 
strate by providing a substrate separating layer, will be 
described. 

[0076] Fig. 7(a) is a cross-sectional view showing a 
structure of a GaN based semiconductor substrate fab- 
ricated by a fabrication method according to the third 
embodiment of the present invention, and Fig. 7(b) is a 
cross-sectional view showing a structure of a substrate 
separated from the GaN based semiconductor sub- 
strate in a fabrication step thereof. Fig. 8(a) to Fig. 8(d) 
are cross-sectional views showing steps of the fabrica- 
tion method according to this embodiment. 
[0077] In Fig. 7(a), reference numeral 706 denotes a 
GaN based semiconductor substrate. In Fig. 7(b), refer- 
ence numeral 701 denotes a sapphire base. On the sap- 
phire base 701 , a GaN layer 702 is provided. The GaN 
layer 702 is processed to have a plurality of ridge stripes 
702a and recess portions 702b. Over side surfaces of 
the ridge stripes 702a and bottom surfaces of the recess 
portions 702b, a SiNx layer 704 comprised of an amor- 
phous insulating film, is provided. 
[0078] In Fig. 7(b), reference numeral 701 denotes a 
sapphire base. On the sapphire base 701 , a GaN layer 
702 is provided. The GaN layer 702 is processed to have 
a plurality of ridge stripes 702a and recess portions 
702b. Over side surfaces of the ridge stripes 702a and 
bottom surfaces of the recess portions 702b, a SiN x lay- 
er 704 comprised of an amorphous insulating film, is 
provided. 

[0079] As mentioned later, the GaN based semicon- 
ductor substrate 706 shown in Fig. 7(a) is fabricated by 
separating the same from the sapphire base 701 or the 
like shown in Fig. 7(b). 

[0080] Next, a detail of the fabrication method accord- 
ing to this embodiment will be described. 
[0081] In the same manner described in the first em- 
bodiment, the surface of the sapphire base 701 is ther- 
mally cleaned, and then, inside the reactor of the 
MOVPE unit, the temperature is reduced to approxi- 
mately 500°C, followed by growing a low- temperature 



buffer layer comprised of GaN to be 20nm thick on the 
sapphire base 701 . 

[0082] Thereafter, the temperature is increased up to 
1 000°C, and TMG and NH 3 are fed, to deposit the GaN 

5 layer 702 on the sapphire base 701 . Following this, NH 3 , 
arsine, and TMG are fed to cause a substrate separating 
layer 703 comprised of GaN 0 96 As 0 04 to be grown to be 
approximately 100nm (Fig. 8(a)). At this time, its surface 
is a C surface. The substrate separating layer 703 is a 

10 nitride semiconductor layer which has a bandgap ener- 
gy lower than that of the GaN based semiconductor lay- 
er formed later and tends to be phase-separated. 
[0083] A material of the substrate separating layer 
703 is GaN 0 95 As 0 04 in this embodiment, but this is only 

15 illustrative, and semiconductor compound containing 
three or more elements belonging to lll-V groups may 
be used. For example, the inside of the reactor may be 
set to approximately 800°C, andtrimethyl indium (TMI) 
and TMG, and nitrogen as a carrier gas are fed, thereby 

20 growing the substrate separating layer 703 comprised 
of ln 02 Ga 08 N to be approximately 100nm. Further, 
NH 3 , phosphine (PH3), and TMG are fed, thereby grow- 
ing the substrate separating layer 703 comprised of 
GaN 0 96 P 0 04 to be approximately 100nm. 

25 [0084] Then, using the photolithography technique 
and the dry etching technique, the GaN layer 702 and 
the substrate separating layer 703 are formed to have 
recesses (concave portions), thereby forming periodic 
ridge stripes 702a. Then, using the technique for depos- 

30 iting the insulating film such as ECR sputtering, the SiN x 
layer 704 (1 Onm thick) as the amorphous insulating film 
is deposited over the side surfaces of the ridge stripes 
702a and the bottom surfaces of the recess portions 
702b (Fig. 8(b)). 

35 [0085] The ridge stripes 702a have a period F of 1 6um 
and a width T of 4 u.m. Also, in this embodiment, the 
period F of the ridge stripes 702a is preferably approx- 
imately 5u.m to IOOujti, and more preferably, approxi- 
mately 1 0u.m to 50ujti, as in the first embodiment. Also, 

40 the width T of the ridge stripes 702a is preferably ap- 
proximately 1jxm to 10|i.m, and more preferably 2u,m to 
8u.m. 

[0086] A direction of the stripes of the ridge stripes 
702a is<1 - 100> direction of GaN. This is because, the 

^5 longitudinal direction of a resonator preferably coincides 
with the direction of the stripes when the GaN based 
semiconductorsubstrate obtained as mentioned later is 
used as s semiconductor laser. 
[0087] On the C surface of the substrate separating 

50 layer 703 exposed on top of the ridge stripe 702a (region 
indicated by reference numerals 703c in an enlarged 
portion in Fig. 8), as the seed crystal, a GaN based sem- 
iconductor layer 706 (2mm thick) is deposited by a pres- 
sure-reducing MOVPE process (Fig. 8(c)). As a result, 

55 between the SiNx layer 704 and the GaN based semi- 
conductor layer 706, air gaps 705 are created. Thus, in 
this embodiment, crystal is grown only on the regions 
703C and is not grown on the other region, for example, 
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side surfaces of the ridge stripes 702a or bottom surfac- 
es of the recess portions 702b. Parts of the GaN based 
semiconductor layer 706 are joined in the vicinity of the 
center of each of the air gaps 705 to form a joint portion 
801. 

[0088] Thereafter, the entire or part of the regions 
703c in the substrate separating layer 703 correspond- 
ing to the seed crystal of the GaN based semiconductor 
layer 706 is irradiated with a ultraviolet laser beam 802 
(Nd: a third harmonic of YAG laser (wavelength of 
355nm)), from the direction of a rear surface of the sap- 
phire base 701 . The substrate separating layer 703 is 
likely to be degraded due to thermal energy or photo 
energy. By irradiation of the laser beam 802, the regions 
703c are photochemically degraded and removed. As a 
result, the GaN based semiconductor layer 706 grown 
on the sapphire base 701 is easily separated from the 
sapphire base 701 . 

[0089] Thus, the GaN based semiconductor layer 706 
shown in Fig. 7(a), i.e., the GaN based semiconductor 
substrate 706, is fabricated. 

[0090] As a previous step of the step of separating the 
GaN based semiconductor layer 706 from the sapphire 
base 701 using the laser, thermal annealing is carried 
out using the method described in the first embodiment. 
This facilitates the separating step. Also as in the first 
embodiment, the method of moving the x - y stage is 
preferably used as the method of scanning the process 
laser beam. 

[0091 ] When the GaN based semiconductor layer 706 
is separated from the sapphire base 701 , re-grown ni- 
tride based crystal hardly adheres to the substrate be- 
cause of the presence of the air gaps surrounded by the 
side surfaces of the ridge stripes 702a, the bottom sur- 
faces of the recess portions 702b, and the re-grown 
crystal. As a result, the GaN based semiconductor layer 
is separated more easily and quality of the separated 
GaN based semiconductor layer is higher than that in 
the prior art, 

[0092] As described above, the fabrication method of 
this embodiment comprises a step of forming the sub- 
strate separating layer 703 as the semiconductor layer 
with the bandgap energy lower than that of the GaN 
based semiconductor layer 706, between the sapphire 
base 701 and the GaN based semiconductor layer 706. 
The substrate separating layer 703 with the bandgap 
smaller than that of the GaN based semiconductor layer 
706 is comprised of semiconductor compound contain- 
ing three ormore elements belonging to lll-V groups and 
tends to be phase-separated due to non-uniform com- 
position because of its large lattice mismatching. Since 
the phase-separated substrate separating layer 703 has 
degraded crystallinity and has a number of defects and 
voids (holes), a stress applied on a surface thereof tends 
to be relieved. For this reason, the phase-separated 
substrate separating layer 703 is easily degraded by 
thermal energy or photo energy. So, thermal annealing 
and irradiation of the laser beam allow only the substrate 



separating layer 703 to be selectively removed. As a re- 
sult, the GaN based semiconductor layer 706 is easily 
separated from the sapphire base 701 . 
[0093] However, if the substrate separating layer 703 

5 is provided over the entire surface of the sapphire base 
701 , a joint area of the sapphire base 701 and the GaN 
based semiconductor layer 706 becomes large, and 
therefore, the GaN based semiconductor layer 706 is 
difficult to evenly separate. Accordingly, in this embod- 

10 iment, the substrate separating layer 703 is formed in 
stripes for the purpose of reducing the joint area of the 
sapphire base 701 and the GaN based semiconductor 
layer 706. Thereby, by thermal annealing and laser 
beam irradiation of the stripe portions, the GaN based 

15 semiconductor layer 706 is separated from the sapphire 
base 701 more evenly without being degraded due to 
the laser beam. 

[0094] Since compressive distortion applied on the 
GaN based semiconductor layer 706 on the sapphire 

20 base 701 is relieved by the phase-separated substrate 
separating layer 703, the GaN based semiconductor 
layer 706 separated from the sapphire base 701 has no 
cracks. As a result, a large-area GaN based semicon- 
ductor substrate is gained. 

25 [0095] While the GaN layer 702 and the substrate 
separating layer 703 are provided with periodic ridge 
stripes 702a in this embodiment, the same effects are 
obtained by providing periodic lattice ridges instead. 
[0096] As a matter of course, the invention is not in- 

30 tended to be limited to the above example, but various 
alternations may be made to the invention. 

(Embodiment 4) 

35 [0097] in a fourth embodiment of the present inven- 
tion, a semiconductor laser capable of being easily sep- 
arated from a substrate by providing a substrate sepa- 
rating layer and a fabrication method thereof, will be de- 
scribed. 

40 [0098] Fig. 9(a) is a cross-sectional view showing a 
structure of a GaN Based semiconductor substrate fab- 
ricated by a fabrication method according to afourth em- 
bodiment, and Fig. 9(b) is a cross-sectional view show- 
ing a structure of a substrate separated from the GaN 

45 based semiconductor substrate in a fabrication step 
thereof. Figs. 10(a) to Fig. 10(e) are cross-sectional 
views showing steps of the fabrication method accord- 
ing to this embodiment, 

[0099] In Fig. 9(a), reference numeral 506 denotes a 
so GaN based semiconductor substrate. Over the GaN 
based semiconductor substrate 506, a n - Al 0 ^Gao 9 N / 
n - GaN super lattice contact layer 507, and a n - 
Al 0 Q3Ga 0 97N cladding layer 508 are deposited. The n - 
A 'o.03 Ga o.97N cladding layer 508 has periodic ridge 
55 stripes and recess portions. Over side surfaces of part 
of the ridge stripes and bottom surfaces of part of the 
recess portions, a SiN x layer 603, is provided. On the 
surfaces of the ridge stripes as seed crystal, a n-GaN 
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light guiding layer 510, a multiple quantum well (MQW) 
active layer 511 , a p-GaN light guiding layer 512, and a 
P ' A, o.07 Ga o.93 N cladding layer 513 are grown and de- 
posited. 

[0100] On the p - Al 0 07 Ga 093 N cladding layer 513, 
ridge-shaped p - GaN layer 51 4 and p electrode 515 are 
provided. Over a region of the p -Al 007 Ga 093 N cladding 
layer 51 3 other than the ridge-shaped p-GaN layer 514 
and the p electrode 515, an insulating film 516 is pro- 
vided. On the p electrode 515 and the insulating film 
51 6, a wiring electrode 1 1 8 is provided. 
[0101] Over side surfaces of part of the ridge stripes 
and bottom surfaces of part of the recess portions pro- 
vided in the n - Al 0 03 Ga 0 97 N cladding layer 508, an in- 
sulating film 51 6 is provided. On one of the ridge stripes, 
a n electrode 517 is provided and on then electrode 51 7 
and the insulating film 51 6, a wiring electrode 51 9 is pro- 
vided. 

[0102] In Fig. 9(b), reference numeral 501 denotes a 
sapphire base. On the sapphire base 501 , a GaN layer 

502 is provided. The GaN layer 502 is processed to have 
a plurality of ridge stripes 502a and recess portions 
502b. Over side surfaces of the ridge stripes 502a and 
bottom surfaces of the recess portions 502b, a SiNx lay- 
er 504 comprised of an amorphous insulating film, is 
provided. 

[0103] As mentioned later, a semiconductor laser 
shown in Fig. 9(a) is fabricated by separating the same 
from the sapphire base 501 orthe like shown in Fig. 9(b). 
[0104] Next, a detail of the fabrication method accord- 
ing to this embodiment will be described. 
[0105] In the same manner described in the first em- 
bodiment, the surface of the sapphire base 501 is ther- 
mally cleaned, and then, inside the reactor of the 
MOVPE unit, the temperature is reduced to approxi- 
mately 500°C, followed by growing a low-temperature 
buffer layer comprised of GaN to be 20nm thick on the 
sapphire base 501 . 

[0106] Thereafter, the temperature is increased up to 
1 000°C, and TMG and NH 3 are fed, to deposit the GaN 
layer 502 on the sapphire base 501 . Following this, NH 3 , 
arsine, and TMG are fed to cause a substrate separating 
layer 503 comprised of GaN 0 96 As 0 04 to be grown to be 
approximately 100nm (Fig. 10 (a)). At this time, its sur- 
face is a C surface. The substrate separating layer 503 
is a nitride semiconductor layer which has a bandgap 
energy lower than that of the GaN based semiconductor 
layer formed later and tends to be phase-separated, as 
in the substrate separating layer of the third embodi- 
ment. 

[0107] A material of the substrate separating layer 

503 is GaN0.96As0.04 in this embodiment, but this is 
only illustrative, and semiconductor compound contain- 
ing three or more elements belonging to lll-V groups 
may be used, as in the third embodiment. 

[0108] Then, using the photolithography technique 
and the dry etching technique, the GaN layer 502 and 
the substrate separating layer 503 are formed to have 



recesses (concave portions), thereby forming periodic 
ridge stripes 502a. Then, using a technique for depos- 
iting an insulating film such as ECR sputtering, the SiNx 
layer 504 (1 0 nm thick) as the amorphous insulating film 
5 is deposited over the side surfaces of the ridge stripes 
502a and the bottom surfaces of the recess portions 
502b (Fig. 10(b)). 

[0109] The ridge stripes 502a have a period F of 16 
u.m and a width T of 4jim. The period F of the ridge stripe 

10 502a is preferably in a range of approximately 5\xm to 
1 00 jiim, and more preferably in a range of approximate- 
ly 10ujn to 50p.m. The width T of the ridge stripes 502a 
is preferably in a range of approximately 1 u.m to 10pjn 
and more preferably in a range of approximately 2 u.m 

15 to 8u,m. 

[0110] A direction of the stripes of the ridge stripes 
502a is <1 - 1 00> direction of GaN. This is because, the 
longitudinal direction of a resonator preferably coincides 
with the direction of the stripes. 

20 [0111] On the C surface of the substrate separating 
layer 503 exposed on top of the ridge stripes 502a (re- 
gion represented by 503c in an enlarged portion in Fig. 
1 0), as the seed crystal, the n - Al 0 03 Ga 0 97 N layer 506 
(2jim thick), the n - AI 0i1 Ga 0<9 N / n - GaN super lattice 

25 contact layer 507 (2u,m thick), and then - Al 0 03 Ga 0 97 M 
cladding layer 508 (0.5u.m thick) are sequentially depos- 
ited, by the pressure-reducing MOVPE process (Fig. 10 
(c)). As a result, between the SiN x layer 504 and the n 

" A, o.03 Ga o.97^ ,aver 506 » a ' r 9 a P s 505 are created. 
30 Thus, in this embodiment, crystal is grown only on the 

regions 502C and is not grown on the other regions, for 
example, side surfaces of the ridge stripes 502a or bot- 
tom surfaces of the recess portions 502b. Parts of the 
n- Al 0 03 Ga 097 N layer 506 are joined in the vicinity of 
35 the center of each of the air gaps 505 to form a joint 
portion 601. 

[0112] Then, the n - AIGaN cladding layer 508 is 
formed to have recesses (concave portions), thereby 
forming periodic ridge stripes. At this time, the n - AIGaN 

40 cladding layer 508 may be etched to the n - Al 0 .,Ga 0 9 N 
/ n - GaN super lattice contact layer 507. Over the side 
surfaces of the ridge stripes and the bottom surfaces of 
the recess portions, the SiN x layer 603 (10nm thick) is 
deposited (Fig. 1 0(d)). The period of the ridge stripes is 

45 1 6 u.m and the width thereof is approximately 3 urn The 
ridge stripes having the width of approximately 3\im are 
formed in regions with fewer through dislocations which 
are located above the air gaps 505. 
[01 1 3] On the C su rf ace of the n - Al 0 07 Ga 0 93 N clad- 

50 ding layer 507 exposed on top of the ridge, as seed crys- 
tal, the n-GaN light guiding layer 51 0 (0.2 fim thick), the 
multiple quantum well (MQW) active layer 511, the p- 
GaN light guiding layer 512 ( 0 .1 urn thick), and the p - 
AI 0 07 Ga 0 93 N cladding layer 513 (2u,m thick) are se- 

55 quentially deposited by a pressure-reducing MOVPE 
process (Fig. 1 0(e)). As a result, between the SiN x layer 
603 and the p-GaN light guiding layer 512 and the p - 
AI 0 07 Ga 0 93N cladding layer 513, air gaps 509 are cre- 
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ated. Parts of the p - AlO.07GaO.93N cladding layer 51 3 
are joined in the vicinity of the center of each of the air 
gaps 509. 

[0114] Although not shown in Fig. 10(e), as shown in 
Fig. 9(a), the p electrode 51 5 is deposited on the p - GaN 5 
layer 514, and the p electrode 515, the p - GaN layer 
514, and the p - AIGaN cladding layer 513 are formed 
to have ridges with a width of approximately 5um Over 
the exposed p - Al 0 07 Ga 0 93 N cladding layer 51 3, an in- 
sulating film 51 6 comprised of Si0 2 orthe like is applied, 10 
thereby forming a current narrowing structure. The in- 
sulating film 516 is formed by the ECR sputtering. On 
the p electrode 515 and the insulating film 516, the wir- 
ing electrode 518 comprised of Au is formed to be 5u.m 
thick. Likewise, as shown in Fig. 9(a), side surfaces of 
part of the ridge stripes and bottom surfaces of part of 
the recess portions in the n - Al 0 03 Ga 0 97 N cladding lay- 
er 508 are coated with the insulating film 51 6 . On one 
of the ridge stripes, the n electrode 517 is formed and 
on the n electrode 51 7 and the insulating film 516, the 20 
wiring electrode 519 is formed. 
[0115] Thereafter, as shown in Fig. 10(e), the entire 
or part of the regions 503C of the substrate separating 
layer 503 as seed crystal of n - Al 0 03 Ga 0 97 N 506 is ir- 
radiated with a ultraviolet laser beam 602 (Nd: a third 25 
harmonic of YAG laser (wavelength of 355nm)), from the 
direction of a rear surface of the sapphire base 501 . The 
substrate separating layer 503 tends to be degraded by 
thermal energy or photo energy. For this reason, the ir- 
radiation of the laser beam 602 causes the regions 503c 30 
to be photochemically degraded and removed. As a re- 
sult, the GaN based semiconductor layer 506 grown on 
the sapphire base 501 is easily separated from the sap- 
phire base 501. 

[0116] Thus, the semiconductor laser shown in Fig. 35 
10(a) is fabricated. 

[01 17] As a previous step of the step of separating the 
GaN based semiconductor layer 506 from the sapphire 
base 501 using the laser, thermal annealing is carried 
out using the method described in the first embodiment. *o 
This facilitates the separating step. Also as in the first 
embodiment, the method of moving the x - y stage is 
preferably used as the method of scanning the process 
laser beam. 

[01 1 8] When the GaN based semiconductor layer 506 45 
is separated from the sapphire base 501 , re-grown ni- 
tride based crystal hardly adheres to the substrate be- 
cause of the presence of the air gaps surrounded by the 
side surfaces of the ridge stripes, the bottom surfaces 
of the recess portions, and the re-grown crystal. As a so 
result, the GaN based semiconductor layer is separated 
more easily and quality of the separated GaN based 
semiconductor layer is higher than that in the prior art. 
[0119] As in the third embodiment, by providing the 
substrate separating layer 503, the GaN based semi- 55 
conductor layer 506 is easily separated from the sap- 
phire base 501 , and the GaN based semiconductor sub- 
strate having a larger area is obtained. 



[0120] While the GaN layer 502 and the substrate 
separating layer 503 are provided with periodic ridge 
stripes in this embodiment, the same effects are ob- 
tained by providing periodic lattice ridges instead. 
[0121] As a matter of course, the invention is not in- 
tended to be limited to the above example, but various 
alternations may be made to the invention. 
[0122] In the third and fourth embodiment, various 
possible examples of semiconductor compound for use 
as the substrate separating layer, include GaNAs, 
GalnN, AIGaN, GaNP, etc. It is advantageous that the 
wavelength of the laser beam for separating the GaN 
based semiconductor layer from the sapphire base var- 
ies depending on a composition of such compound. 
[0123] Hereinbelow, the relationship between the 
wavelength of the laser beam and the composition of 
the substrate will be described. 
[0124] Fig. 11 is a graph showing a relationship be- 
tween an absorption end wavelength and a lattice con- 
stant in nitride crystal. In the case of using InGaN as the 
substrate separating layer, if the ratio of ln:Ga is 
changed from 4 : 6 to 6 : 4, the laser beam has a wave- 
length of approximately 530nm and therefore, Nd: a sec- 
ond harmonic of YAG laser can be used. On the other 
hand, crystallinity decreases with an increase in the per- 
centage of In, which adversely affects quality of nitride 
crystal to be re-grown. It is therefore desirable to set In 
composition to not higher than 5 in ln:Ga ratio of 5 : 5. 
In the case where GaNAs or GaNP is used for the sub- 
strate separating layer, crystallinity decreases due to dif- 
ference in crystal structure between GaN and GaAs, 
and GaP, which adversely affects quality of the nitride 
crystal to be re-grown. It is therefore to set As or P com- 
position to 5% or less. In this case, optimum wavelength 
of the laser beam is about 400nm, but Nd : YAG and 
YLF lasers or XeF excimer laser, which has a wave- 
length of about 350nm, is preferably used, becausethey 
have exhibited performance as process lasers. When 
AIGaN is used for the substrate separating layer, the la- 
ser beam having a wavelength ranging from 190nm to 
360nm is advantageously used, but damages an active 
layer of the laser. Therefore, favorably, a laser beam 
having a wavelength of about 350nm is used. In view of 
the above, it is desired that the wavelength of the laser 
beam used in the present invention be in a range of ap- 
proximately 190nm to 550nm. 

[0125] Numerous modifications and alternative em- 
bodiments of the invention will be apparent to those 
skilled in the art in the light of the foregoing description. 
Accordingly, the description is to be construed as illus- 
trative only, and is provided for the purpose of teaching 
those skilled in the art the best mode of carrying out the 
invention. The details of the structure and/or function 
may be varied substantially without departing from the 
spirit of the invention. 
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[Industrial Applicability] 

[0126] A method of fabricating a nitride based semi- 
conductor substrate and a method of fabricating a nitride 
based semiconductor device according to the present 
invention are useful as a method of capable of easily 
fabricating a nitride based semiconductor substrate and 
a nitride based semiconductor device with high reliabil- 
ity. 

Claims 

1. A method of fabricating a nitride based semicon- 
ductor substrate, comprising the steps of: 

depositing a first nitride based semiconductor 
layer on a base; 

processing the first nitride based semiconduc- 
tor layer to have ridge portions and recess por- 
tions; 

coating side surfaces of the ridge portions and 
bottom surfaces of the recess portions with an 
amorphous insulating film; 
growing a second nitride based semiconductor 
layer on a region of the first nitride based sem- 
iconductor layer other than a region thereof 
coated with the amorphous insulating film, the 
region of the first nitride based semiconductor 
layer serving as seed crystal; and 
separating the second nitride based semicon- 
ductor layer from the ridge portions by irradiat- 
ing the region corresponding to the seed crystal 
with a laser beam. 

2. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 , further com- 
prising the step of thermally annealing the base with 
the first and second nitride based semiconductor 
layers deposited thereon, before the separating 
step. 

3. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 , wherein the 
laser beam has a wavelength of 190nm to 550nm. 

4. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 , wherein the 
ridge portions are ridge stripes and a direction of 
the stripes is a <1 - 100> direction of nitride. 

5. A method of fabricating a nitride based semicon- 
ductor device, comprising the steps of: 

depositing a first nitride based semiconductor 
layer on a base; 

processing the first nitride based semiconduc- 
tor layer to have ridge portions and recess por- 



tions; 

coating side surfaces of the ridge portions and 
bottom surfaces of the recess portions with an 
amorphous insulating film; 

5 growing a second nitride based semiconductor 

layer on a region of the first nitride based sem- 
iconductor layer other than a region thereof 
coated with the amorphous insulating film, the 
region of the first nitride based semiconductor 

10 layer serving as seed crystal; 

depositing a layer having an active layer struc- 
ture with an active layer interposed between 
semiconductor layers of different conductivity 
types, on the second nitride based semicon- 

15 ductor layer; and 

separating the second nitride based semicon- 
ductor layer from the ridge portions by irradiat- 
ing the region corresponding to the seed crystal 
with a laser beam. 

20 

6. Amethod of fabricating a nitride based semiconduc- 
tor substrate, comprising the steps of: 

depositing a first nitride based semiconductor 
25 layer on a base; 

depositing a second nitride based semiconduc- 
tor layer on the first nitride based semiconduc- 
tor layer; 

processing the first and second nitride based 
30 semiconductor layers to have ridge portions 

and recess portions; 

coating side surfaces of the ridge portions and 
bottom surfaces of the recess portions with an 
amorphous insulating film; 

35 growing a third nitride based semiconductor 

layer on a region of the second nitride based 
semiconductor layer otherthan a region thereof 
coated with the amorphous insulating film, the 
region of the second nitride basedsemiconduc- 

40 tor layer serving as seed crystal; and 

separating the second nitride based semicon- 
ductor layer from the ridge portions by irradiat- 
ing the region corresponding to the seed crystal 
with a laser beam. 

45 

7. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 6, further com- 
prising the step of depositing a layer having an ac- 
tive layer structure with an active layer interposed 

50 between semiconductor layers of different conduc- 
tivity types, on the third nitride based semiconductor 
layer, before the separating step. 

8. The method of fabricating a nitride based semicon- 
55 ductor substrate according to Claim 6, further com- 
prising thermally annealing the base with the first, 
second, and third nitride based semiconductor lay- 
ers deposited thereon, before the separating step. 
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9. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 6, wherein the 
ridge portions are ridge stripes and a direction of 
the stripes is a <1 - 100> direction of nitride. 

1 0. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 6, wherein the 
laser beam has a wavelength of 190nm to 550nm. 

1 1 . The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 6, wherein the 
second nitride based semiconductor layer is com- 
prised of semiconductor compound containing 
three or more elements belonging to lll-V groups. 

12. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 6, wherein the 
second nitride based semiconductor layer has 
bandgap smaller than bandgap of the third nitride 
based semiconductor layer. 



semiconductor layers of different conductivity 
types, on the third nitride based semiconductor 
layer; and 

separating the second nitride based semicon- 
5 ductor layer from the ridge portions by irradiat- 

ing the region corresponding to the seed crystal 
with a laser beam. 



10 



15 



13. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 1 , wherein the 
second nitride based semiconductor layer contains 
at least As. 25 



14. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 1 , wherein the 
second nitride based semiconductor layer contains 
at least In. 30 



15. The method of fabricating a nitride based semicon- 
ductor substrate according to Claim 1 1 , wherein the 
second nitride based semiconductor layer contains 
at least P. 35 



16. A method of fabricating a nitride based semicon- 
ductor device, comprising the steps of: 

depositing a first nitride based semiconductor 40 
layer on a base; 

depositing a second nitride based semiconduc- 
tor layer on the first nitride based semiconduc- 
tor layer; 

processing the first and second nitride based 45 
semiconductor layers to have ridge portions 
and recess portions; 

coating side surfaces of the ridge portions and 
bottom surfaces of the recess portions with an 
amorphous insulating film; 50 
growing a third nitride based semiconductor 
layer on a region of the second nitride based 
semiconductor layerotherthan a region thereof 
coated with the amorphous insulating film, the 
region of the second nitride based semiconduc- 55 
tor layer serving as seed crystal; 
depositing a layer having an active layer struc- 
ture with an active layer interposed between 
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